Captive parrots show a high incidence of obesity and other metabolic disorders due to the consumption of unbalanced diets. Therefore, this study evaluated the digestibility and metabolic effects of transitioning blue-fronted amazons from a high fat diet (sunflower seeds) to processed diets with three degrees of starch gelatinization (SG).
| INTRODUC TI ON
Although psittacines have a long history as pets, little is known about their feed (e.g., feed type) and nutrient requirements (Veloso, Sakomura, Kawauchi, Malheiros, & Carciofi, 2014) . With the information currently available it is possible to propose a balanced diet (AAFCO, 1998; Koutsos, Matson, & Klasing, 2001; Macwhirter, 2000; Mcdonald, 2005) ; however, most of these standards were extrapolated from the natural feeding habits and nutritional requirements used in poultry (Carciofi, 2001 ), because few experimental data exists for the psittacine species. Psittacidae is a diverse cluster with more than 330 species that differ in their nutrient and feed requirements (Snyder, McGowan, Gilard, & Grajal, 2000 , Forbes & Lawton, 1996 . Little information exists on nutrient requirements and feed utilization in the Amazon genus (Kamphues, Wolf, Heisler, & Frömbling, 2001; Carciofi, Prada, Mori, & Prada, 2003; Saad, Ferreira, Borges, & Lara, 2007; Carciofi, Sanfilippo, De-Oliveira, Do Amaral, & Prada, 2008) .
Captive bird diets are usually based on offering seeds and vegetables ad libitum, with or without commercial extruded or pelleted feeds. Seeds are highly palatable, thus usually they comprise most of the dry matter intake, with vegetables or prepared feeds having a low contribution. This can result in nutritional deficiencies or excess (Carciofi, Duarte, Mendes, & Oliveira, 2006; Kollias & Kollias, 2000; Saad, Ferreira, Oliveira, & Lara, 2007; Sales, De Schutter, & Janssens, 2004) . In Brazil, as in many places worldwide, sunflower seeds comprise most of the captive parrot's dietary dry matter (DM) intake (Carciofi, Prada, Mori, & Prada, 2003) . High fat, energy and phosphorus content, in addition to deficiencies in calcium and vitamins A, D, E and K are common in these diets (Kamphues, Wolf, Heisler, & Frömbling, 2001; Ullrey, Allen, & Baer, 1991) . Sunflower seeds are high in fat that comprise more than 55% of their DM content. High energy and fat intake combined with limited opportunities for physical activity in captivity can result in obesity and associated metabolic disorders (Werquin, De Cock, & Ghysels, 2005) . Obesity, atherosclerosis, hepatic lipidosis and diabetes mellitus are commonly reported in parrots (Rosskopf & Woerpel, 1991; Labonde, 1997; Bavelaar & Beynen, 2004; Doneley, 2010; , accounting for a significant proportion of their medical problems.
Prepared diets, specifically extruded diets, are becoming more popular. Due to their grinding and formatting, these diets solve the problems related to the feed item selection and nutrient imbalance of seed and vegetable-based diets. However, in nature, parrots have adapted to digest raw starch and entire seeds, and the implications of raw material particle size and starch cooking on extrusion systems have been improperly evaluated (Kalmar, Werquin, & Janssens, 2007; Veloso et al., 2014) . For poultry, coarse ground cereal intake is associated with higher fermentation products formation on gut, and consequent better gut health and microbiota composition (Jacobs, Utterback, & Parsons, 2010; Röhe et al., 2014) . In a study on African grey parrots (Psittacus erithacus), raw material particle size did not change nutrient digestibility, but coarse ground feed promoted firmer stools (Kalmar et al., 2007) . For pigeons, starch cooking reduced protein and fat digestibility and promoted moist excreta formation (Abd El-Khalek, Kalmar, Van Weyenberg, Werquin, & Janssens, 2009) . In a study comparing extruded versus pelleted diets for macaws, the intake of less gelatinized starch in the pelleted diets resulted in reduced glucose, cholesterol and triglyceride concentrations in the plasma (Veloso et al., 2014) , a parameter related with some chronic disease of parrots, such as liver diseases and atherosclerosis (Bavelaar & Beynen, 2004) , although the pathogenesis of these diseases in parrots is little studied and serum markers are not validated yet.
Thus, it is expected that transitioning parrots from a sunflowerbased diet to processed feeds will modify serum metabolites, reducing glucose, cholesterol and triglyceride concentrations. In addition, consuming low-processed feeds, characterized by coarse ground ingredients and reduced starch gelatinization may improve the parrots' metabolic profile without reducing nutrient digestibility or excreta quality, promote adequate intake to maintain body weight and general health, and induce higher fermentation in the colon, with possible implications to gut health. The objective of the present study was to evaluate the transition of blue-fronted amazons (Amazona aestiva) from a sunflower-based diet to processed feeds, as well as the palatability, digestibility, excreta fermentation products, and biochemical, haematological, and radiographic parameters of parrots fed with a single diet formulation ground at two raw material particle sizes and processed to achieve three degrees of starch gelatinization.
| MATERIAL AND ME THODS
All experimental procedures were previously approved by the Ethics Committee on Animal Use (Protocol nº 3.573/15) of the São Paulo State University (Unesp), School of Agricultural and Veterinarian Sciences, Jaboticabal, Brazil, and the use of parrots was authorized by IBAMA (SISBIO, nº 46,528-1).
| Animals and Experimental Design
Thirty adult blue-fronted amazon parrots, outside the breeding season, were individually housed in epoxy-painted steel cages (55 cm x 62 cm x 39 cm) equipped with trays to collect excreta and feed remains. Water and feed was provided ad libitum. The birds' health was previously verified after physical examination and blood analysis, and all were considered healthy. All parrots were maintained under the same environmental conditions, restrained in an enclosed aviary (mean and standard error environmental temperature of 22.5 ± 0.8ºC, and moisture of 71.4% ± 2.8%).
The parrots were divided into three groups of 10 birds each, using a stratified randomization according to initial body weight.
The experiment followed a completely randomized design and lasted 250 days, divided into two periods: the basal period, which lasted 90 days and accessed the feed intake, digestibility and health parameters of parrots fed sunflower seeds (Helianthus annuus), while the challenge period lasted 160 days, in which each bird group was randomly allotted to one of the three experimental processed diets, and feed intake, digestibility and health parameters were assessed.
During all study, parrots were fed ad libitum, and feed intake recorded daily.
During the basal period, all three parrot groups were fed sunflower seeds. Total excreta collection to determine sunflower digestibility was performed from days 34 to 39. On the last day (day 90), the parrots were submitted to physical and radiographic examinations, and blood was collected by direct venepuncture of the jugular vein. During the challenge period, on day 91 of the experiment, parrots were introduced to the processed diets, and the palatability of the three feeds was compared until day 109. From day 110 to 250 (140 days) parrots were fed exclusively with one of the processed feeds. To evaluate the feed digestibility using a marker method, excreta was collected from days 181 to 194, and from days 195 to 198 fresh excreta was collected immediately after being produced to determine fermentation products and pH. On day 250, parrots were subjected to physical and radiographic examinations and blood collection.
| Experimental diets and processing parameters
Sunflower seeds were purchased from a specialized animal feed store. A single formulation and ingredient lot were used in the study (Table 1) , balanced according to the nutritional recommendations for psittacines of the Association of American Feed Control Officials (AAFCO, 1998) . Chromium oxide was included in the formulation as a digestibility marker. To obtain the experimental diets, the formulation was processed at different conditions: pelletized feed (PEL)-the ingredients were ground in a hammer mill with a 2-mm screen sieve size and pelleted; low-cooked extruded feed (EXT L )-the ingredients were ground with a 2-mm screen sieve size and extruded by applying lower energy; high-cooked extruded feed (EXT H )-the ingredients were ground with a 0.5-mm screen sieve size and extruded by applying high energy. The analysed experimental diet and sunflower seed compositions are shown in Table 2 .
Diets were prepared at the São Paulo State University (Unesp), School of Agricultural and Veterinarian Sciences, Jaboticabal, SP. The ingredients, except for the soybean oil that was added after drying by coating, were mixed to compound a single lot. The mixture was divided into three parts and ground in a hammer mill (Sistema Tigre the Moagem, Moinhos Tigre, São Paulo, Brazil) using specific screen sieve sizes per treatment. The mean geometric diameter (MGD) of the raw material was determined per Zanotto & Belaver (1996) . The mixture ground with the 2.0-mm screen presented an MGD of 163 ± 2.4 µm, with 25% of the particles greater than 300 µm. The mixture ground with the 0.5-mm screen presented an MGD of 128 ± 2.0 µm, with less than 5% of the particles greater than 300 µm.
The PEL treatment was produced using a pelletizer (Chavante 15 HP, Indústria e Comércio Chavantes Ltda, Chavantes, SP, Brazil) with a production capacity of 300 kg/h. The preconditioner temperature was set to 70°C by direct steam infusion, and the mass temperature out of the pelletizer was 85°C. The extruded diets were processed in a single-screw extruder (MEX-250, Manzoni Industria Ltda, Campinas, SP, Brazil) with a production capacity of 250 kg/h. Feed rate and extruder screw speed were kept constant for both diets. After 30 min of stable production, processing parameters including the preconditioner temperature, extruder mass moisture, motor amperage, pressure and temperature of extrusion, and kibble bulk density were measured every 10 min. Direct steam injection maintained the preconditioner temperature, with a mean value of 75 ± 1.5°C for both extruded treatments. The mass in-barrel moisture was 22% ± 0.6% for both treatments. The specific mechanical energy (SME) applied to the feed was determined per Riaz (2007) and modulated by adjusting the open area of the extruder die, which was 245 ± 4.8 mm 2 /ton/h for the EXT L diet, and 128 ± 0.9 mm 2 / ton/h for the EXT H diet. The SME implemented during the extrusion was 28.1 ± 0.4 kW-h/ton and 32.1 ± 3.1 kW-h/ton for the EXT L and EXT H feeds respectively. After extrusion, the kibble was dried in a forced air dryer at 105°C for 20 min. The dried kibble and pellets were then coated with 2.5% soybean oil. To ensure that the samples were representative, each test kibble or pellet was selected so its diameter corresponded to the average diameter measured for the treatment.
Due to the differences in processing parameters, many feed characteristics differed, including the starch gelatinization, kibble size, density and hardness (Table 2 ).
| Palatability test
The palatability test was performed to quantify the parrots' relative preference for the processed diets. The two-bowls test was used, and for each comparison, the 30 parrots received two diets simultaneously at different feeders. The cages had two feeder positions, and the feeds were placed in alternate position each day to avoid ha- Relative Intake (%) = (Feed A intake/(Feed A + Feed B intake)) * 100
| Digestibility study
The digestibility of sunflower seed was obtained by the total excreta collection method. The intake of the seeds was obtained weighing the provided amount and the leftovers. Excreta were quantitatively collected at least two times a day, after removing remaining feed portions, feathers and adhered cutaneous scales, and stored in plastic containers at -15ºC. The digestibility of the processed diets (PEL, EXT H and EXT L ) was measured using the chromic oxide marker method. To this, excreta were qualitatively collected at least two times a day, separated from feathers and feed remains, and stored in plastic containers at -15ºC.
After the collection period, the excreta were thawed and homogenized compounding a single sample per parrot. Prior to performing laboratory analyses, excreta were dried in a forced air oven at 55°C for 72 hr (320-SE; FANEM, São Paulo, Brazil). The sunflower seed sample was prepared in accordance to the alimentary habits of the parrots. The rind was removed and only the kernel was analysed. It resulted that 68.6% of the seed weigh was endosperm and 31.4% was hulls. Excreta, sunflower seed endosperm and diets were ground in a cutting mill (MOD 340; ART LAB, São 
a Chemical composition of the sunflower seeds kernels used on the experiment, after seeds were manually dehulled. b PEL-coarse ground and pelletized; EXT L -coarse ground and extruded with low energy application; EXT H -fine ground and extruded with high energy application.
TA B L E 2 Analysed chemical composition of the sunflower seed and the processed diets with three starch gelatinization degrees for parrots Paulo, Brazil) with a 1-mm screen sieve prior to laboratory anal- Hendrix (1993) . Gross energy (GE) content was determined using a bomb calorimeter (Model 1,281; Parr Instrument Company, Moline, IL, USA). Chromic oxide was determined in feed and excreta samples by visible spectrometry (Fenton & Fenton, 1979) processed feeds were also analysed for starch gelatinization using the amyloglucosidase method (Sá, Vasconcellos, Brunetto, Gomes, & Carciofi, 2013) . All samples were analysed in duplicate and the analysis repeated when the variation between replicates was greater than 5%.
The data obtained from the laboratory analysis were used to determine the coefficients of total tract apparent digestibility of nutrients, following calculation procedures revised by Sibbald (1982) . The uric acid mass was deducted to calculate nutrient digestibility, and its nitrogen was deducted to calculate crude protein digestibility.
| Excreta pH and fermentation products
Fermentation products were evaluated on excreta only after the parrots were fed the processed diets. On three consecutive days, birds were continuously monitored and the excreta was collected and processed immediately after being produced. The pH was measured by mixing 1 g of excreta with 3 ml of ultrapure water (1:3 w/vol) in a pH meter (Digicrom Analítica Ltda, model DM20, São
Paulo, Brazil). The mean value from the three days of observation was used for statistical comparison. Approximately 5 g of fresh excreta was homogenized and mixed with 15 ml of 4.2 N formic acid solution (1:3 w/vol) and precipitated at 4°C for 72 hr to determine the volatile fatty acids (VFA). The procedure was repeated over three days, and the compounded solution was used for analysis. Thereafter, the mixture was centrifuged (5810R, Eppendorf, Hamburg, Germany) three times at 4,500 G for 15 min at 15°C, taking the supernatant and discarding the pellet. Short-chain fatty acids (SCFA) and branched chain fatty acids (BCFA) were determined per Erwin, Marco, and Emery (1961) by gas chromatography (model 9,001, Finnigan Corporation, San Jose, CA, USA). To analyse the lactic acid, 2 g of excreta was homogenized and mixed with 6 ml of ultrapure water. This mixture was maintained at 4ºC
for one day, then centrifuged three times at 4,500 G at 15°C for 15 min, taking the supernatant and discarding the pellet. The lactic acid analysis was performed per Pryce (1969) by spectrophotometry (Spectrophotometer Quick-Lab, DRAKE, São José do Rio Preto, São Paulo, Brazil), and the samples were quantified by comparing them with a standard curve for lactic acid. The ammonia concentration was determined per Vieira (1980) , using the same extracts obtained for the VFA. The extracts were thawed at room temperature, then 2 ml were diluted into 13 ml of ultrapure water and distilled in a nitrogen system (Tecnal TE -036/1, Piracicaba, São Paulo, Brazil).
The excreta quality was also subjectively evaluated using the following score: 1 = soft excreta, without tubular shape; 2 = soft excreta, malformed tubular shape; 3 = moderately soft excreta with tubular shape, not coiled; 4 = tubular shape well-formed and coiled; 5 = solid faeces, tubular and coiled.
| Haematological and serum biochemical analysis
After an overnight fast (10 hr), parrots were physically restrained and blood collected by puncturing the jugular vein using sterile disposable hypodermic 20 x 5.5 needles coupled to 1-ml syringes.
The collected volume respected the safe standards for birds (Campbell, 2012; Doneley, 2010) . To obtain the serum, one aliquot of blood was placed in an Eppendorf tube without anticoagulant,
and after approximately 30 min centrifuged at 2,000 G for 15 min.
Serum was further stored at −20°C until laboratory analysis.
Analysis was conducted on the following weeks after collection, and serum was not stored for more than two months. Aspartate aminotransferase (AST), albumin (Alb), cholesterol (Chol), triglycerides (Trigl), glucose (Glu) and uric acid (UA) were analysed in the serum using commercial kits for serum biochemistry (Labtest Diagnostica Ltda, Lagoa Santa-MG, Brazil) in an automatic analyser (model LABMAXX PLENNO, Labtest Diagnostica Ltda, Lagoa Santa -MG, Brazil).
Blood samples were additionally placed in heparinized Eppendorf tubes and analysed for haemoglobin, red blood cells, haematocrit, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and leucocytes (total and differential counts). Red blood cells and total leucocytes were counted using a manual haemocytometer (Neubauer chamber) after dilution in 0.37 mmol/l toluidine blue solution, as described by Almosny and Monteiro (2007) . Differential leucocyte counts were performed by preparing a blood smear stained with Rosenfeld dye and reading it on an optical microscope (E200 Nikon, Nikon, Nikon Instruments Inc., New York, USA) at 1,000x. Haemoglobin was analysed using a commercial kit (Labtest Diagnostica Ltda, Lagoa Santa-MG, Brazil) and read in a semi-automatic spectrophotometer Labquest (Labtest Diagnostica Ltda, Lagoa Santa, MG, Brazil).
The haematocrit was determined using microhaematocrit tubes, per Goldenfarb Bowyer Hall & Brosious (1971) , and the haematimetric indices were estimated as described by Almosny and Monteiro (2007).
| Radiographic examinations
Radiographic examinations of the parrots were performed using a digital radiographic system (X-ray system: Siemens Tridoros 812E, Siemens Medical Solutions, USA) with a Digitizer Image (AGFA CR30, AGFA Health Care, California, USA). The animals were physically restrained and radiographed in the latero-lateral and ventraldorsal projections, using a 100-cm focal-film distance and exposures of 40 kV, 200 mA and 6.0 mAs. The radiographs were evaluated for bone and internal organ conformation and topography. The width of the thorax, heart, liver and hourglass (formed by the overlap of the heart to the liver) was measured using a calliper rule, as described in Figure 1 . The relationships between the heart and thorax and between the heart and liver were calculated from these measures by 
| Statistical analysis
The experiment was organized in a completely randomized design. The experimental unit was one parrot, with ten repetitions per treatment. After obtaining the means, the assumptions of homoscedasticity of variance and normality of errors were evaluated.
The digestibility and fermentation product results were analysed by F I G U R E 1 Radiographic image of a Blue-fronted amazon parrot (Amazon parrot). Ventro-dorsal projection. 1-Heart: arrow illustrate the point of heart width measurement. 2-Thorax: arrow illustrate the point of thorax width measurement. 3-Hourglass: arrow illustrate the point of hourglass width measurement. 4-Liver: arrow illustrate the point of liver width measurement 
| RE SULTS
During the experiment, parrots remained healthy, and showed no alterations in their clinical or physical statuses. The birds' body weights increased after being fed sunflower seeds for 90 days (p = 0.014), but no changes were observed after consuming the processed diets for 160 days (Table 3) . When fed sunflower seeds, the parrots consumed less feed DM than when fed processed diets (p < 0.001). There were no differences in the feed intake of the three processed feeds, but different preferences were observed between them. When the pelleted feed was compared with both extruded diets, the parrots preferred the extruded feeds (p < 0.001). Between the extruded feeds, the EXT L intake was greater than the EXT H intake (p = 0.016), indicating a preference for the less processed diet (low-cooking and course ground).
The nutrient intake in the digestibility study was similar among the processed diets, but higher fat and metabolizable energy and lower starch intake were observed for the sunflower seed consumption (p < 0.05; Table 4 ). The apparent digestibility of the DM, organic matter (OM), and fat were higher, and the starch apparent digestibility was lower for the sunflower than for the three processed diets (p < 0.05). Among the processed diets, the fat apparent digestibility was higher for the PEL than for the EXT H , and the starch digestibility was higher for the PEL than for the EXT L feed (p < 0.05). The coefficient of energy metabolization and the feed ME content was higher for sunflower seed than for the processed diets (p < 0.05), which did not differ from each other. The excreta pH, DM and score did not differ for the parrots fed the processed diets (Table 5 ). Only a tendency for higher acetate and total SCFA were observed for parrots fed the PEL feed (p < 0.084). The BCFA were analysed, but the results were below the method's detection limit. Unfortunately, these parameters are unavailable for parrots fed sunflower seed.
A period effect was observed for all evaluated serum biochemistry parameters (p < 0.01), as shown in Table 6 . When parameters after 90 days of sunflower seed intake were compared with those after 160 days of processed diet intake, glucose, triglyceride, cholesterol, total protein, albumin, and AST serum concentrations were reduced, and the uric acid concentration was increased (p < 0.05), indicating the parrots' metabolic profiles were substantially altered.
TA B L E 4
Nutrient intake during the digestibility study, coefficients of total tract apparent digestibility of nutrients, and metabolizable energy content of sunflower seed kernels and processed diets with different starch gelatinization degrees for parrots (mean ± SE) EXT H -fine ground and extruded with high energy application. Data about sunflower seed are not available. ‡ 1 = soft excreta, without tubular shape; 2 = soft excreta, mal formed tubular shape; 3 = moderately soft excreta with tubular shape, not coiled; 4 = tubular shape well-formed and coiled; 5 = solid faeces, tubular and coiled.
Item
§ Total SCFA-total short-chain fat acids.
TA B L E 5 Excreta characteristics and fermentation products of parrots fed processed diets with different starch gelatinization degrees (mean ± SE)
TA B L E 6 Serum biochemistry parameters of parrots fed sunflower seed and processed diets with different starch gelatinization degrees (mean ± SE) Day 90 4.9 ± 0.3 5.0 ± 0.2 4.8 ± 0.2 4.9 ± 0.1 0.853 <0.001 0.980 3.5-6.5
Day 250 3.6 ± 0.1 3.7 ± 0.1 3.6 ± 0.1 3.6 ± 0.1 Day 250 1.6 ± 0.1 1.6 ± 0.1 1.6 ± 0.1 1.6 ± 0.0 Mean 1.7 ± 0.1 1.7 ± 0.1 1.6 ± 0.1 Uric Acid (mg/dl)
Day 90
1.14 ± 0.4 1.11 ± 0.5 1.14 ± 0.5 1.13 ± 0.3 0.225 0.028 0.729 0.7-11.4
Day 250 1.17 ± 0.8 1.15 ± 0.8 1.16 ± 1.0 1.16 ± 0.5 Mean 1.15 ± 0.5 1.13 ± 0.5 1.15 ± 0.6 † Day 90: after 90 days of sunflower seed intake. Day 250: after 160 days of experimental processed diets intake. ‡ PEL-coarse ground and pelletized;
EXT L -coarse ground and extruded with low energy application; EXT H -fine ground and extruded with high energy application. § Reference value described by the following authors: Lumeij (2008), Capitelli and Crosta (2013) and Pinto et.al (2016) . ¶ AST-aspartate aminotransferase.
No feed processing effect was observed (p > 0.05), and the final values after PEL, EXT H and EXT L intake were similar.
No diet versus time interaction nor any effect of the processed diet processing characteristics were observed for the haematological parameters (Table 7) . A period effect was verified for haemoglobin, mean corpuscular haemoglobin, and leucocyte, lymphocyte, and monocyte concentrations, which increased after the processed diets were consumed (p < 0.05). On the radiographs, 80% of parrots presented increased radiopacity of the great cardiac vessels and caudal vena cava at the beginning of the experiment, suggesting atherosclerosis (Figure 2 ). These alterations remained constant throughout the study, and did not differ between the first and last assessments. When compared with the radiographs taken at the end of the sunflower seed period, the radiographs taken at the end of the processed feeds period show a reduction in the hourglass width and in the heart-to-liver ratio (p < 0.05), as shown in Table 8 . No effect of processed feed processing was observed.
| D ISCUSS I ON
Few studies have investigated the effect of feed processing on nutrient digestibility, eating behaviour and metabolism in parrots. In the present study, the most important finding was the improved blood metabolites and haematological profiles when the processed diets replaced the sunflower seed. A limitation on study design, however, is the lack of a control group that remained on the sunflower diet throughout the study; it is therefore possible that time or seasonal effects were also responsible for some of the observed changes. The study's initial hypothesis was partially confirmed, as the raw material particle size and starch gelatinization degree did not interfere with nutrient digestibility or excreta formation; however, the different feed processing conditions did not affect the selected blood metabolites, as initially expected.
Due to their high fat content, sunflower seeds presented elevated nutrient digestibility and high metabolizable energy content, which was approximately 73% higher than the processed feed values. When fed energy dense feed, birds tend to reduce their feed intake and eating behaviours (Koutsos et al., 2001; Rozek & Millam, 2011) . However, sunflower seed's high palatability and energy con- shows that exclusive ad libitum feeding of sunflower seeds to parrots is inadequate.
The mean energy intake that maintained a constant body weight in the current study was lower than the values previously reported for parrots by Carciofi et al. (2003) or for caged Psittaciformes by Koutsos et al. (2001) . Comparing these estimates requires considering several factors, including variations in the environment and cage sizes, differences in temperature and season, life cycle such as moulting or reproduction, and specifically errors in quantifying feed intake or feed metabolizable energy content. In the present study, parrots were kept individually in cages with limited exercise opportunities. Feed spillage is a problem for psittacines, as the birds manipulate the feed prior to intake. Proper collection of all feed remains is required to precisely quantify intake. The bird cages used in this study were adapted with special trails that did not allow feed to spill on the ground, so leftovers were totally collected, and intake was precisely calculated.
The transition from sunflower seeds to prepared feed was adequate, and although no palatant was added, and only the pellets and kibble were coated with 2.5% soybean oil, parrots readily ingested the new feed. The palatability test indicated preference for the extruded over the pelletized feed, as well as for the low-processed over the higher processed extruded feed. Feed preference is a sensory analysis involving physical and chemical mechanisms, including odour, flavour, appearance, size, texture and consistency.
Although highly relevant for some pets, such as dogs and cats (Aldrich & Koppel, 2015) , this has been minimally studied in parrots.
The present results emphasize that diet processing characteristics can modify some sensory attributes of prepared diets, thus changing the birds' preference. Compared with other bird taxa, psittacines have high numbers of taste papillae (Graham, Wright, Dooling, & Korbel, 2006) . All diets were coated with soybean oil, to create interest in the feeds, but not differentiated them from each other.
Many physical attributes differed among the experimental feeds.
The hardness (cutting force) and density were higher for the pelleted feed, but although the density was intermediary for EXT L , its cutting force was lower. Size also differed among feeds, and EXT L yielded kibble with the smallest diameter and length. Parrots present a sophisticated motricity on the tongue and beak (Klasing, 1999) and manipulate feed by cracking the kibble before intake. These differences in the feeds' physical attributes may have influenced the birds' preferences.
Sunflower seed kernels have shown to be highly digestible for parrots (Saad, Ferreira, Borges, & Lara, 2007) . However, a direct comparison between sunflower seed kernel and prepared diet digestibility is difficult due to their many differences. Sunflower seed provides higher fat and lower starch intake, which may at least partially explain the respectively higher and lower apparent digestibility of these nutrients compared to those verified for prepared feeds (Sibbald, 1982) . Comparing the three prepared feeds, the digestibility values were compatible with previous data on African grey parrots (Kalmar et al., 2007) , blue-fronted parrots (Saad, Ferreira, Borges, et al., 2007) and blue-and-gold macaws ( Reference value described by the following authors: Capitelli and Crosta (2013) andPinto et al. (2016) and starch digestibility were lower, respectively, for EXT H and EXT L feeds compared with the PEL diet. These findings confirm that parrots do not require extensive grinding or cooking to properly digest feeds, as already observed for macaws (Veloso et al., 2014) , African grey parrots (Kalmar et al., 2007) and pigeons (Abd El-Khalek et.al, 2009 ). The decreased fat digestibility as the diet's starch gelatinization increased may be correlated with the lipid-amylose complexation promoted by the extrusion process (Gibson and Sajid, 2013) .
No evidence exists that the formation of a starch-lipids complex reduces fat digestibility in dogs or cats (Lankhorst, Tran, Havenaar, Hendriks, & Van Der Poel, 2007) , but this may be true for parrots due to their short intestinal tract and fast transit time. Another possible explanation is an increased intestinal viscosity for diets with high starch gelatinization, which might reduce fat emulsification reducing digestion and absorption (Abd El-Khalek et al., 2009) .
Nutrients that were not completely digested or absorbed by the small intestine can be fermented, mainly in birds' ceca (Svihus, Choct, & Classen, 2013) . In parrots, the absence of ceca (Stevens & Hume, 1995) shows that carbohydrate fermentation is not a strategy for energy supply, as is in other bird taxa (Józefiak, Rutkowski, & Martin, 2004) , This may explain the reduced concentration of fermentation end products in the excreta. However, a tendency for greater acetate was found in the excreta of parrots fed PEL, which was almost 20% higher than that found on the excreta of parrots fed extruded feeds. Thus, grinding and cooking may be important for parrots and deserves future studies. Based on the results obtained in poultry, the present study hypothesized that coarse ground cereal intake would be associated with higher fermentation activity, EXT L -coarse ground and extruded with low energy application; EXT H -fine ground and extruded with high energy application.
possibly improving microbiota composition and the gut and general health of the birds (Jacobs et al., 2010; Röhe et al., 2014; Yegani & Korver, 2008) . However, this could not be confirmed due to the modest and non-significant increase in short-chain fatty acids and the lack of diet processing characteristic effects on the blood parameters evaluated.
The most important explanation for the reduced serum metabolites is the decrease in fat intake from approximately 5.2 g/parrot/ day to 1.0 g/parrot/day after sunflower seeds were replaced by the experimental diets. High fat intake when parrots are fed oilseeds, such as sunflower seeds, ad libitum has been reported (Carciofi et al., 2006 (Carciofi et al., , 2003 . However, it is important to consider that in addition to altered fat intake, sunflower seeds are deficient in several nutrients, such as calcium and vitamins A, D, E and K (Kamphues et al., 2001; Ullrey et al., 1991) , and the prepared diets were supplemented with amino acids, vitamins, fibres and minerals promoting an extensively altered nutrient intake. Under this dietary change, the average reductions were 26 mg/dl for glucose, 80 mg/dl for cholesterol and 53 mg/dl for triglycerides, with possibly several health implications that will be discussed below. Parrots also exhibited a reduced AST serum concentration after being fed the processed feeds, indicating possible improved liver health (Jaensch, 2000) , due to the combinations of all alterations on nutrient intake highlighted previously.
However, it is important to consider that all parrots were switched to processed feeds, without a control group eating sunflower seeds simultaneously, time or seasonal effects on metabolites could also be responsible accounted for some of the observed changes.
Parrot blood glucose values were reduced even below the interval considered normal for parrots (Capitelli & Crosta, 2013; Lumeij, 2008; Pinto, Andrade, Endringer, & Lenz, 2016) , suggesting the current standard values should be revisited. Data on blood metabolite values are scarce for parrots and vary widely due to intrinsic and extrinsic factors (Polo, Peinado, Viscor, & Palomeque, 1998; Lumeij, 2008) . Some studies that proposed normal biochemical values did not report the birds' living conditions, sex, age or diet (Polo et al., 1998; Campbell, 2012) .
Studies on poultry and several other animal models have demonstrated clear relationships between serum cholesterol, glucose and triglyceride concentrations and metabolic disorders, such as obesity, atherosclerosis, hepatic lipidosis and diabetes mellitus (Bavelaar & Beynen, 2004; Moghadasian, 2002; Musa, Chen, Cheng, & Yousif, 2008; Petzinger & Bauer, 2013 ). An increases in fat intake can promote excess in plasma cholesterol and triglycerides (dyslipidaemia), and this in turn may induce lipoprotein oxidation, and blood leucocytes coupling to the endothelium, activating these cells inducing endothelia damage by reactive oxygen species, a propitious condition to atherogenesis Petzinger & Bauer, 2013) . Besides this, in birds the dyslipidaemia increase lipogenesis, exceeding the liver capacity of synthesis and secretion of lipoproteins, which promote intrahepatic fat accumulation (hepatic lipidosis) (Visscher et al., 2017) . Practical experience and epidemiological surveys have shown that these diseases are becoming increasingly frequent in psittacines (Rosskopf & Woerpel, 1991; Labonde, 1997; Bavelaar & Beynen, 2004; Werquin et al., 2005; Doneley, 2010; Beaufrère et al., 2011; , highlighting the importance to establish diet conditions that avoid increased serum triglycerides and cholesterol concentrations.
The increased serum glucose after sunflower seed intake may also suggest a state of altered carbohydrate metabolism, with hepatic and/or peripheral resistance to insulin as described for other animals (Newman, Bryden, Kirby, Storlien, & Downing, 2005; Jordan, Kley, Le, Waldron, & Hoenig, 2008) . Type II diabetes mellitus associated with obesity is a condition described for blue-fronted amazon parrots and other psittacines (Pollock, 2002) , although the aetiology of diabetes mellitus is not well defined in birds (Rae, 1995) . The elevated glucose may be related to the high dietary fat intake and the positive energy balance (parrots were gaining body weight when fed sunflower seeds), modulating energy metabolism by the alteration of enzymes that act in the de novo fatty acids synthesis, inducing dyslipidaemia, body fat accumulation and insulin resistance (Field, Ryan, Thomson, & Clandinin, 1990; Newman et al., 2002) .
For the blue-and-gold macaw (Ara ararauna), a study reported that the type of diet processing influenced serum biochemical parameters, as consuming pelletized feed with low-starch cooking reduced glucose and cholesterol serum concentrations compared with those of the same formulation but extruded (Veloso et al., 2014) .
The reasons for the lack of responses in the blue-fronted parrots in the present study, in opposite of the verified for the blue-and-gold macaws are unclear, as their natural habits and digestive systems are similar (Sick, 1997) .
Other assessed health and immunological status parameters,
including haemoglobin values, MCH, total leucocytes, lymphocytes and monocytes were increased in the peripheral circulation when the parrots were fed processed feeds. Although all observed values were in the suggested reference interval for Amazona (Capitelli & Crosta, 2013; Pinto, de Andrade, Endringer, & Lenz, 2016) , these changes signal a better nutrient supply or intermediary metabolism, with improved health conditions (Klasing & Leshchinsky, 1999) . Proper nutrition provides adequate substrates for haematopoiesis and immunological system maintenance (Carciofi & Oliveira, 2007; Korver, 2012) , relevant for long-term health. One limitation of this observation, however, is that the method used (common haematology) is very general and a causative effect is not possible to be established with any nutrient or nutrient combination supplied.
The most relevant radiographic finding was the elevated incidence of atherosclerosis. At the end of the sunflower seeds period, most parrots exhibited some degree of calcification in the large cardiac vessels and caudal vena cava, and some showed severe calcifications on the radiographs. Increased serum lipid concentrations, especially cholesterol, are directly correlated with the formation of atheromatous plaques . No signs of reduced atheromatous plaques were seen by comparing the first and second parrot's radiographs, possibly because the lesions were irreversible, or the diet composition or intake time were insufficient to induce noticeable improvement. The reduced heart-to-liver ratio may be associated with a reduced heart size (although heart width was unchanged), possibly because of the improved haemoglobin and MCH values, with better tissue oxygenation and a corresponding reduced heart workload.
In conclusion, parrots preferred the extruded to the pelleted feed. Extensive grinding with small raw material particle size and high starch gelatinization are not required for proper apparent nutrient digestibility or excreta formation. When compared with sunflower seed, processed diets intake with reduced fat and energy consumption and better nutrient supply improved the parrots' metabolism, decreasing some biochemical parameters related to hepatic lipidosis and atherosclerosis, and improved the haematological and immune status. The feed processing type did not affect blood and biochemical parameters.
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